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Identification  of  Antigens  of  Pathogenic  Free-Living  Amoebae 
by  Protein  Immunoblotting  with  Rabbit  Immune 
and  Human  Sera 

I  Rl<  I  POVklU  AMHOS^  I  M  WM)MI  Ml  nu  S  :>  Al  n  S’* 

«.st><jR(  (R)K>  li  KN  ;i>St)S 

lirfwfntctu  InJmnu  I  iu>frut<  SthtM-i  ttf  ainluim.  lru!uiiui[nJn.  huliutui  ' 

Attncii  hwifi  InHUuh.  Htlhtuiu.  htunUiml  A*\W 

Rcxxftrd  •(  Ik'tvwtvi  K<itfrnr«l  I  1*^  .\ivvpuJ  II  Mj\  I*^ 

PtvaiiBnil  wUgrat  ti  mmi  iwy>lb>gf  k  frtr-litiait  MtodlMc  werr  Mcalifkil  ti>  n^iiiii  pul>cl«Mial 

ctkfcW  ka— T  trrb  la  kMMUMMai  auajt.  TW  iMral  aa^  lo  temaiBC  If  prnmiOMil  tpilufirk  Mrnllfkd  allb 
rakWl  Iwaaic  »*ra  caati  alM  hr  notfs/UMti  In  hawau  tera.  Milk  rabbit  irra.  lE»r  de\rl<t|Narnl  ttf 
haiaaaarrarti'r  baa4i  aat  rrWrirtH  lu  aiakyalar  of  ^mlrr  Ibaa  IbJ  kl>a  for  Smtfirna.  HeUnaimrlla, 

aad  I  lAflai^'yia  m^igrmu  laa  or  omit  hraad  baa4«  m  lr««  lhaa  IIL5  kUa  arrr  prwainml  fraturr«  in  Ihrrr 
MImal  tfrrin.  Ira  ermo-rcadn*  aalibodirr  rouM  br  detrrird  briarrn  iTt>rrMiitali«r  iprcirs 

af  Ihr  Ibrrr  dlJinal  labju'aaiii  of  iraarhaamda.  Aa^fmo  aoticro  aak  iikraitr  M-roloiikalU  ditliiHl.  a^  arrr 
ilmtnummCm  and  I  mUkmmf^a  aaliarak.  The  rriaittr  lack  of  crm^-nacliaa  aallbodin  brlarm  Ihr  {Mlhuarnk 
aanatbar  Mtafrutd  ckal  It  a«aM  br  drtiraMr  lo  vrr  a  paari  «f  aaiorbk  anli|trn<>  lo  rrpTrsrnI  Ibr  ranar  ol 
imloaitalh  dtrliacf  aaUitrat  for  aitriMaa  rracti«r  aatibodir*  la  human  trra.  in  p<x>lrd  hiitnan  trt-iim  ilO 
tmiat  mrriawar  prr  pooil.  (br  aiipraraacr  of  miaimall;  rraclitr  ba»d«  rangina  from  J2^  to  106  kl)a  aai  a 
(oaiBioB  Iratnrr  of  all  Ut  aatigrat.  6  promiaral  haad  of  Irsr  (ban  18^  kUa  was  Mrnliffrd  in  the  Aca/ithimoebc 
mlforfioai  aatlgra  laar  la  2  of  (br  10  baman  imiin  rprriairo  puulk.  Mlirn  Ihr  Mra  from  rarb  of  Ihr  two  groups 
»rrt  trMnI  iadUidaall)  b)  iauauaobfoltisig.  Ihr  rrarliun  wiih  Ibr  .4.  cuJbrrtMmi  aniigrn  could  br  associated  with 
oar  iaditidual.  Bs  asiag  a  panel  of  aaiorbk  antigens.  Ibis  melbad  could  prose  useful  in  recognUing 
nadiagaoird  amorbk:  iafectioas  rescaling  spreifk  rcactise  antibodies. 


epiutpes.  as  dcmonsiralcd  b\  using  ihc  Wcsicrn  bli)l  (immu- 
mibiot)  mcihisdolog)  (14).  S’ocfi.'rrin  imm’jnc  scrum  docs  not 
cross-rcaci  with  AauMianvx'ha  antigen  (12). 

The  purpose  ol  ilic  investigation  described  here  was  to 
identify  prominent  epitopes  of  certain  pathogenic  and  non- 
pathogc  lie  free-living  amoebae  by  using  rabbit  immune  sera 
and  the  Wcsiei  i  blol  methodology.  Subsequently,  human  sera 
from  patients  and  apparently  healthy  individuals  were 
strccncu  by  immunoblotiing  for  antibodies  rcaetivc  with 
amoebic  antigens.  The  majority  of  the  human  serum  specimens 
screened  were  obtained  from  Army  recruits  who  suffered  front 
acute  respiratory  disease  (ARD).  Viral  agents  such  as  adeno 
virus  or  influenza  virus  as  well  as  ft^ycoplasma  pneumoniae  have 
prcvjou.sly  been  identified  as  occasional  ctiusaiivc  agents  of 
ARD  in  Army  reciuits  (K,  2ft).  Despite  attempls  at  isolation 
and  serological  suiveillancc  programs,  the  eiiokigic  agent  in 
mam  cases  ot  ARD  has  remained  unidentified-  A  logical 
extension  of  these  studies  would  be  attempts  to  assi'ciate  with 
ARD  other  potentially  infectious  agents  such  as  amoebae. 

Amttcbac  have  repeatedly  been  cultivated  from  the  upper 
respiratory  tracts  of  humans  in  different  surseys.  The  incidence 
of  amoebae  in  upper  respiratory  tract  samples  has  ranged  from 
less  than  K'r  to  as  high  as  24'^'f  (1,4,  1 1,  2.‘i).  It  has  not  been 
clearly  determined  whether  the  occurrence  of  amoebae  repre¬ 
sents  the  outgrowth  of  transient  cysts  that  were  inadvertently 
irapped  in  the  respiratory  tract  or  if  the  amoebae  were  in  the 
active  motile  trophozoite  form  in  vi  o.  Amoebae  have  been 
observed  m  the  lung  livsjes  of  labor.. ti  y  animals  which  have 
been  expel imentally  infected  intranas..lly.  The  possibility  exists 
that  ainviebae  als<>  could  cause  lower  rcspiialiiry  tract  disease 
in  humans. 

It  was  the  iiilenlion  of  our  study  to  determine  it  the 


The  genera  Aetinlhamoct>u  and  SaegU  na  include  species  of 
free-living  soil  and  water  amiicbac  that  are  widespread  in  Ihe 
environment  and  that  have  the  potential  to  pr.iduee  life- 
threatening  illness.  To  date,  the  pathogenic  potentials  of 
certain  species  within  these  genera  have  been  adepiiy  demon¬ 
strated  in  laboratory  animals  and  base  occasionally  been 
obseived  in  humans  (ft.  12. 1.1,  27).  In  humans,  S'aey;!ena  fimicri 
amoebic  meningtK'neephaliiis  is  avsociated  with  iniranasal 
instillation  of  amoebae  during  swimming.  The  amoebae  sub¬ 
sequently  pcnetraic  the  central  nervous  system  via  the  olfac¬ 
tory  nerves.  AcanifuimiM'l>ii  species  may  also  produce  menin¬ 
goencephalitis.  but  the  illness  in  humans  may  be  more  chronic, 
with  resulting  granuloma  formation.  Althviugh  the  A-1  strain 
of  Acaniharnoeha  eulhertwni  invades  the  central  nervous  sys¬ 
tems  of  experimental  animals  by  first  penetrating  the  nasal 
mucosa  and  then  spreading  to  the  brain  via  the  olfactory 
nerves.  Aianihamoeha  species  may  also  spread  to  the  lower 
respiratory  tract  and  other  sites  hematogenously.  ,4ea/i- 
ihamiH'ha  species  ean  also  infect  the  cornea  (/iianihamueha 
keratitis),  and  this  disease  is  often  asMieiated  w'lh  contact  lens 
Wear  (12.  15)  Studies  with  inimur.7  sera  from  lalioratory 
rabbits  de-nuinstralcd  that  the  species  o(  Aeanlluimoeha  share 
tome  common  antigens,  but  they  can  he  subdivided  into 
disiiiKl  K-rogroujis  (5.  1ft.  24)  In  atfJiJiun,  species  of  ihv  genus 
Sae^mo  share  eonimon  antigens  bat  also  have  distinct 


*  (  .K>rs(s«Ji0f  •Htb.ir  Muliilf  addiru  lApailmcnl  ol  I’allniliigy 
IiwImiu  f  iHtmiily  Vfw«4  of  Ucvkvinc  tSX’  I  'nneisiiy  Hiis|hial.  VSu 
Niirtti  I  awTriMy  Bbx*.  Itkampifw.  IS  kvJUj.yil.t  I’htMie  (.ri'l 
rJ4 

*  rnwM  aMrew  IkfVMUBeM  of  EiH^ogy.  Mafalk  IcnneMct  Slaii 
LintenM).  Muriimfuie  tS,  (71(2 
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pruinincnt  arrmcbk.  c|Hti>pc<>  iilcn.ihctj  h>  rabbit  inimuiii.' 
via  oHikl  ht'  III  human  st‘ta  bv  usin)!  diftcioiti 

amrirbH  anitgciiN  oi  Iihii  iliScrcni  {tciicia.  A  ciiUh-nuuii. 
Al antiiamiffhu  and  At  uninutfuifltti  iiMmmxn  wlil' 

cath  uM:d  a%  MH111.0  ul  antigen,  i  a<.li  NpciiCN  in  .1  rcprcNcnla 
Inc  id  a  difli'fcnl  Nubfcniup  o)  .4i  arirA<i'ri<vN<  »n  the  haMs  ui 
■iMHphidiiipt.  tNiicn/>mc  ana>)Mv  and  v;ful«ij;N  <2.')  Three 
(dhri  (CiK-ra  were  repreNenled  b>  unihj;  anli^eiiN  ol  N  hmltn 
and  the  rk>n{>4lh«>|(enK  free-lixing  amiK'bae  Ihtnininuu-IUi  >1' 
nuAtfnMi  ai>d  I  nhUuiipyttM  muru  (  )ii  the  Iunin  itf  the  lauMiiiniie 
tcTrcme  rd  I’ape  (17|.  the  penuN  //urrifiuiiii  ^la  and  partieularl) 
the  fcnuN  I  ahtkumptu  arc  iixtvtiKred  to  he  ctoseh  related  Im 
lh(  fxnuN  Sorffrrxti  (|7|  TTk  N«:riil>i)CK  fealureN  and  aiili(;enK. 
ctusaetcriNla.'N  id  ihcNc  Iho  (tenera  are  levs  «kell  kiumn  than  are 
th«M;  id  the  genera  Sufj^tt  nu  and  Axutilfmfnothi 

Thte  rcpiitt  cxlcndN  the  available  irilormaiKin  regarding  the 
ter.dMgie  rrlalKtnvhipN  and  pnnnirtept  epiUipev  a<>Mie<ated  vvnh 
the  palheigenK  Iree  Irving  amivehae  (  ertain  epiinpeN  repre- 
tenting  diflereni  amix'ba  v{KeieN  are  iveaNionallv  iee»gni/ed 
hv  adult  human  veium  TTiiv  dneunientaliini  ii.'  elcetiitphiiieii 
calh  veparaleJ  antigens  and  reaetive  human  sera  suppiuts  the 
femerpt  that  humans  arc  expose-d  to  antiNid.-indue'ing  levels 
(if  antigen  ((dm  hdth  pathdgenK  and  ntmpaihdgenie  anuH;hae 
\\ith  additKinal  studiev  imniundblots  with  human  sera  and 
anuH'hie  antigens  euuld  he  useful  in  recognizing  this  e\p<.isure. 
the  asMX'iated  p>alhologic  manifeslalions.  and  bsUh  clinical  and 
kuhclinical  infections  uith  (he  pathogenic  free-living  amvx'hae 


MATERIALS  AND  METHODS 


AoMieba  rulllvatkm.  AntiK'hac  vverc  cuitivatrrd  axcntcallv  in 


PV«. etc. 


the  uptimuni  growth  for  each  species.  A.  (ulhcnumi  ATXX' 
3(1171  and/f.  polyplwfia  Al  C't'  3(l4fil  weie  giown  in  T  rjpticase 
soy  broth.  Plate  count  broth  (Oifco,  Detroit,  Mich.)  was  used 
for  cultivating  A  asirunyxii  ATC'C  3(1137.  Medium  H4  was 
used  for  cultivating  L.  ui  jra,  //.  vemufomm.  and  A',  fnwlvn  (2) 
Cells  were  incubated  at  25°C  {cxcepr  lor  A'  fowU  n  cells,  which 
were  incubated  at  35°C')  and  were  harvested  after  a  monolayer 
was  formed  in  approximately  72  h.  H.  vi-rmifumm  was  kindly 
provided  by  Barry  Fields  fiom  the  Centers  for  Disease  Control 
and  Prevention.  Atlanta,  Ga.;  A.  fowlcri  Ixc  was  kindly  pro¬ 
vided  by  Francine  Marciano-Cabral  of  Virginia  Common¬ 
wealth  University,  Richmond. 

Antigen  and  imoiunc  serum  preparation.  Amoebae  were 
harvested  by  placing  the  culture  flasks  on  ice  to  dislodge 
adherent  cells.  The  amoebae  were  pelleted  by  centrifugation 
^400  X  g)  and  were  washed  three  times  in  sterile  phosphate- 
buflered  saline  (PBS;  pH  7.6).  Immunizing  antigen  was  pre¬ 
pared  by  adjusting  the  concentration  to  2  x  10'  cells  per  ml  in 
PBS  and  then  freezing-thawing  four  timc.s  with  licjuid  nitrogen. 
New  Zealand  Wliite  rabbits  (weight,  2  kg)  were  ininiuiiizcd 
once  weekly  with  2  ml  of  the  antigen  prcparaiion  for  4 
consecutive  weeks.  Antigen  was  delivered  via  the  marginal  car 
vein.  One  week  after  the  final  immunization,  the  rabbits  were 
bled  by  cardiac  puncture.  Washed  cells  for  electrophoresis 
were  prepE.ed  for  Pierce  BCA  protein  determination  (Pierce. 
Rockford,  111.)  by  solubilizing  amoeba  pellets  in  UK)  u,l  of  K-r 
sodium  dodccyl  sulfate  (SDS).  The  soluble  protein  was  boiled 
for  5  min  in  a  0.1  M  dilhiothreitol  reducing  buffer  prior  to 
electrophoresis. 

Human  sera.  The  human  serum  samples  used  in  immuno- 
blots  consisted  of  five  banked  infant  and  seven  adul*  scrum 
samples  stored  at  the  Indiana  Univernty  Medical  Center.  One 
hundred  additional  human  scrum  samples  drawn  from  Army 
recruits  diagnosed  with  ARD  were  provided  by  Lettrrmaii 


Army  Medical  (  enter  San  I  rancisco.  {'alii.  To  lacililate  the 
nunibci  tested  serum  vimpies  liom  Army  recruits  were  I'Hioled 
into  III  groups  ol  HI  ser.i.  with  caeli  serum  present  in  its 
respeelive  p«xil  al  a  dilution  ol  I  2tl(l.  Seruni  fniols  weie 
subseguenlly  lesied  loi  llieu  re.ieiioiis  wiili  the  eleeiroplio 
rcsed  anioebie  antigens 

Elnlruphoresis  and  immunublolting.  SDS  p<<ly acrylamide 
gel  eleelroplioresis  (PAdI  (  was  (xrloimed  by  using  a  Miiii- 
I'rolein  II  Dual  Slab  C  ell  app.iiatus  (Bio  Kad.  Hercules. 
Calif.)  list  mil fogi .tins  ol  amoebii  piotein  was  loaiieJ  into 
Calh  lane  ol  a  I  .S-mni  l.''«  aerylainide  gel  with  a  ■*'  >  staeking 
giT  tprcwi-ighij  aerylaniidi'-bisairyianiiJi'  |37.S:l|  miiUin . 
Hio  Kail)  ('oinpli'le  elei'lropboresis  ixiurrcd  in  apptovi 
nialcly  3.X  min  al  2(41  \  uiili  ibe  loluge  held  eonslaiii  Gels  to 
be  stained  Icr  pioleui  weie  siauiid  with  (  iMimassie  blue 
IVitleins  well-  liaiisteiiid  o-  lo  I'.X.^-rini  pore-si/e  nilfixellu 
low.  Iraiis-Hiol  Iraiislii  Mv  Jiuiii  (llio  Had)  bv  using  a  Mini 
Irens  Hlol  I  liettophoielii  Itaiislei  (  ell  with  a  Bio  lee  unit 
(llio  Had)  (  omplvte  triiiilei  iKVorieil  at  I.Vl  \.  while  the 
cutieni  ranged  liom  I.*!!!  to  3.S(!  mA  over  r-tl  mm 

liillowiiig  lianslel.  blots  weie  washed  in  PBS  for  Id  min  in 
glass  Maining  dishes  on  a  ehnieal  rolaloi  (I  ishei.  I'lllslvutgh. 
Pa  )  al  slow  speed  Ih.y  weie  (hen  bloeked  lot  .44)  min  al  loom 
lemperaluie  with  I'l  Nivine  seium  albuniin  diluted  in  I’Bb 
with  tl.O.X't  Tween  2(1  (pH  7  4.  f’llS  Twnn)  Alter  vsashmg  the 
blots  iwiee  in  PBS  Tween  lot  t  min  eaeh  time,  they  were 
ineubaleit  in  the  diluted  serum  al  iiH<m  lenipeiature  lor  6(1 
min  Preliminary  studies  itiinpating  the  intensities  ol  staining 
ol  immunolilols  In  using  a  lange  ol  dilutions  yielded  optimum 
dilutions  lot  ralvi'il  and  human  sera  I- tom  1:2  sciial  dilutions 
ol  hyperimmune  rabbit  sera  ranging  from  1:1141  to  1:1(1.1X41.  a 


human  sera  ranging  from  l:ll)  to  1:1.1441.  a  dilution  ol  1:2(41 
was  selected.  Blots  were  then  washed  Iwne  in  PUS-Tweeu  for 
.X  min  each  time  before  the  conjugate  was  added.  T  he  alkaline 
phosphatase  eoiijug.ile  (Sigma.  St.  Louis.  Mo.)  of  anti-rabbit 
immunoglobulin  (>  (IgG.  v  b  )li-  nioleeulc)  was  diluted  l:2ll.(44i 
in  PBS  Tween,  or  the  alkaline  phosphjta->e  conjugate  (Sigma) 
ol  anti'hunian  IgCi  (gamma  chain  speeitic)  was  diluted  1:2..S!K) 
in  PBS-Tween  Intmunoblols  were  incubated  in  the  diluted 
conjugates  at  riKim  temperature  for  .4(1  nin.  Before  adding  the 
substrate,  the  immunoblots  were  washed  twice  for  5  min  in 
PBS-Tween  and  then  once  for  .X  min  in  PBS.  Immunoblots 


were  then  dcvelo|xd  in  .‘v-brom'.)-4-ehloro-.(-indol>Tphosphaie 
toludinium-NiIro  Blue  Tetrazoliuni  Color  Devcloivmenl  Solu¬ 
tion  (Bio-Rad)  fur  10  min  at  riHim  temperature. 

Absorption.  For  absorption  studies.  .X  x  10'  amoebae  (for¬ 
malin  fixed  and  washed  in  PBS)  were  incubated  in  a  1  -ml 
volume  containing  40  (il  of  human  serum  and  060  pi  of  PBS, 
and  the  incubation  mixture  was  rixked  at  3.‘''’C'  for  I  h.  T  his 
preparation  was  then  centrifuged  (4l4l  x  g).  and  the  serum 
supernatant  was  subsequently  diluted  to  1:2(4)  before  imnui- 
noblotting. 

Immunottuoresccncc.  For  iinmuncifluoresccnce  testing,  an 
indirect  fluorescent-antibody  prixedure  described  by  Sheets  et 
al.  (22)  was  used.  T  he  procedure  uses  formalin-fixed  arnoebae 
and  incorporates  a  primary  antibody  of  either  hypetimmunc 
rabbit  scrum  or  human  serum.  The  secondary  antibody  is 
affinity-purified  goat  anti-rabbit  or  anti  human  fluorescein- 
conjugated  IgG  (Sigma). 


RESLLIS 

Whole  amoeba  lysates  subjected  lO  SDS-PAGL  wetc  stained 
will:  Coomassic  blue  (Fig.  lA).  Multiple  protein  bands  were 
apparent  in  each  species.  Most  hands  were  greater  than  lb. 4 
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M<i  1  (A)  SDS  I’Adr  of  diftorcni  ;(nnK.'Ki  sfucus  sijiiuil  with 
('iHimjtsic  blue  The  low-  and  h'}!h-tnoIi.cul.ii-»cn;hl  ni.«Kir>  (Ijius  I 
and  j)  lire  shown  on  (lie  loll  (in  ihousandvl  lanes  .1. -1  iiilhin^ntti.-i. 
4  us/n/inwt.  5.  It  <>.  A  fimicn.  7.  .4  /NihpluiKti.  K.  1. 

iimru  (11)  Ininiiinohlol  panel  icpicscnim}!  ihe  loi.il  iiumK’r  of  ininiu 
noioaclnc  prinoin  hands  ,i|  anio.ba  anli(icns  irouU'd  wilh  )><«iltd 
rabbit  immune  sera  eomposed  of  iinmunc  serum  from  each  of  ihe  sis 
anuK'ba  species  (l.l.mm  final  dilulion  each)  Moleciilai  »eii;hl  liialK- 
ers  (l.ines  1  and  2)  arc  shown  on  Ihe  Icfl  (in  tbouvmJs)  lane'  3.  4 
iiill\-n\iini.  4.  A  .nint/iyiii.  3,  H  n-mii/omio.  n,  V  /mi/rn.  7.  A 
pihphttffi.  b.  I .  inaru 
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I  111  2  lA)  IniniiinotOoi  panel  ol  ai'ioeba  anli);ciis  Ui.iled  wiih 
oiib  -1  <  uf/a  nsiwii  rabbit  immune  scrum  ( I  I.DtitI  dilution)  Molecular 
weight  markers  (lanes  I  and  2)  are  sliown  on  the  Icll  (in  tlioiisaiuls) 
lanes  3.  4  uiWsrrso/ii.  4..-I  lO.Tnmio;  3.  ff  ii-nin/iimm:  Ic  .V  /oii/m. 
T.  A  /»>A/>/iiigi;.  b.  I  (iiiiru  (It)  Inuiiunoblot  |ianel  ol  amoeba  antigens 
Healed  with  onis . -I  lorrormo  rabbit  immune  erum  ( I  I  lltai  dilution ) 
Molecular  weight  markers  (lanes  1  and  'i  ire  shown  on  the  lelt  lin 
thousands)  l.anc'  3.  .-1  i  uihfn\t/fu.  4.  A  11  xrnmjnrrnn. 

ti,  .%  fiiHlt  n.  7.  .-I  /s»Ap/iugu,  b.  t  ,  (11  r.i. 


kl);t,  with  ihe  exceniion  of  ;)  broad  difliise  area  with  heas-) 
bands  in  both  A.  /Kr/v/j/iiijcrr  and  .4  of  less  than  IK  3 

kDa.  Laeh  of  the  three  Aniiilliutiii\-hii  species  had  a  dilferent 
banding  prohle.  In  A  axininyxii.  the  deepb  staining  band 
between  27.5  and  32.5  kl>a  was  unique,  and  the  most  nuiner 
ous  and  densely  staining  bands  were  greater  than  27.5  k!)a.  A. 
iulfx-’lMini  showed  its  mtist  intensely  staining  bands  at  less  than 
27.5  kDa  A  imlypha^a  had  protninen:  bands  that  ranged  front 
less  than  1K.5  to  4^.^  kDa.  I  ',  iixam  and  //  xcnnifumus  shared 
a  number  of  minor  and  major  protein  tiands.  with  the  primary 
differenees  related  to  the  intensity  of  band  staining  rather  than 
to  the  presence  of  diflereni  f  nileins.  A',  foxxlt-rt  was  distinct 
from  the  other  genera,  hut  its  protein  piolile  was  likewise 
coniposed  of  many  bands  which  were  most  numerous  at 
gre-ater  than  27.5  kDa 

The  total  number  ol  immunoreaetivc  protein  band.s  rcsohed 
by  immunoblolting  with  the  six  pooled  hyperimmune  rabbit 
serum  samples  is  illustrated  in  Kig.  IB.  The  bands  represent 
the  epitope  reactions  of  each  amoeba  species  with  both 
horiiologous  and  heterologous  immune  ser.i.  immunorcactise 
bands  for  A'ueg/cro,  ilanmiiniullii.  and  \  ahlkiiitiiijiti  antigens 


deseloped  at  moleeiil.ii  nnisses  ol  greater  ih.in  IK. 5  kDa.  In 
each  Ai  tinihiiintirhti  s|Hcies.  iwi'  or  mure  broad  bands  ol  less 
than  IK. 5  kDa  weie  pioniinen!  leatures.  By  fooniassie  blue 
staining,  there  were  rel.ilisely  low  niiinbers  of  protein  hands  in 
areas  above  32.5  wDa  in  the  A.  xnlfxtnxuni  lysate,  below  IK. 5 
kl)a  III  A  tii’  vivu.,  and  abose  4').^  kDa  in  A  fHilvfxliiiyn, 
however,  th..  Western  blot  showed  several  major  bands  in 
th-cse  areas  indicating  th.il  these  prsiteins  were  highly  immu 
nog  nil  Ihe  presence  of  multiple  bands  by  Western  immuno- 
hlottiiig  was  a  common  feature  ol  each  species. 

The  oeeurienee  of  cross-reaeiing  aniih.idies  was  assessed  by 
allowing  the  paivl  ol  transferred  anioebie  antigens  to  read 
with  individual  rabbit  immune  serum  (lag  2  to  -4).  Nunieious 
well-dehned  bands  were  observed  oiih  with  the  homologous 
antigen  al  a  rabbit  immune  serum  dilution  ol  I  I.IMH)  with  5  pg 
of  amoebic  antigen  per  lane,  l  ew  ero-.s  re.icting  antibodies 
were  dclcvled  biiwcen  the  three  Ax  tiiilluiiiun  hu  sivccics  cho 
sen  lo  represeni  ditlerenl  subgroups  ol  the  genus  (lag.  2  and 
3A)  .V  fiixxh-n  was  similarly  serologically  dislinel  (lag  3H) 
Despite  the  similarities  in  poly  aery  lainide  gels  sl.imed  with 
(  iHiniassie  blue,  the  mitnutloblols  ol  H  xmiiifxininx  and  I 
iiximi  were  relatively  disimcl.  //  eer/m/ormo  antiserum  re- 
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FICi  3.  (A)  ImiHurtibli'l  panel  I'f  am.iob  i  ai  tipens  tieatvJ  with 
only  .1  pi>lyi>liaiio  rahhii  in'.munc  scrum  ( I  I.OIHI  liiluiioni.  Mnlcculai 
weighi  markers  (lanes  I  aniJ  2)  are  shiran  on  the  left  (in  Ihnusands) 
lames:  3,  .4.  i  iilhi-itsoni.  4,  A  ininiryui.  5.  H  xvnuiwnni',.  h.  ,V  /Mh/en. 
7. .4  fX‘!yi>lMjtu:  h,  I  uium.  (B)  Immunohlol  punel  iif  amivha  antigens 
treated  ssith  only  A'  fimlt-n  rahlnt  immune  seiuni  (l.l.lltai  dilution) 
Molecular  vseighi  niarkeis  (lanes  I  and  2)  are  siiossii  on  the  Icfl  (in 
thousands)  l^ines  3.4  t  ulbi-nuuu:  i.  A  lornwii  in. 
ft.  A'  foixkn,  7,  4  potyphujtit .  h.  I  uvum 


vealed  shared  bands  between  49.5  and  .SO  kl>a  (Fig  4A).  and  I 
avura  antiserum  revealed  several  shared  bands  between  32.5 
and  lOft  kDa  (Fig  4B).  A  prominent  band  between  14  and  21 
kUa  was  always  seen  in  the  Haninannclla  and  the  I  ahlkunipfiu 
lanes.  Tliis  hand  was  also  trbsersed  in  control  blots  consisting 
of  only  the  aSinity-ourilied  immunoglohalin  conjugate  ol  goat 
anti-human  IgCi  or  goat  anti-rabbii  IgCJ  ino  rabbit  immune  ot 
human  serum  was  used)  and  apiwarcd  to  be  attributable  to  the 
afltnity  of  eaeh  eonjugate  to  an  untdenlified  amoebic  protein. 

liccausc  of  the  lack  o!  prominent  erovs-reaetive  anioebie 
antigens,  a  panel  of  amoebic  antigens  repteseniing  se.ologi- 
cally  distinct  epitopes  Was  used  to  screen  human  serum  satn- 
pic.s  for  amoeba-reactive  antilxKlies.  In  2  of  the  Id  ptHils  of 
serum  from  At  my  recruits,  a  prominent  band  of  less  than  IN.5 
kDa  was  located  in  the  A.  (ulU-n.xuni  antigen  lane  (Fig  5A). 
When  the  sera  from  each  group  were  tested  individually  by 
immunoblulling.  the  rcactioii  with  the  A.  lullH-nstmi  antigen 
could  be  assewiated  with  one  individual  from  eaeh  group. 
Lightly  reactive  hands  ot  greatei  than  32.5  kDa  were  seen  m  all 
10  scrum  piKils  te.sled  (Fig.  5A).  Little  reactivity  was  observed 
in  immuiioblols  of  serum  irom  .sesen  labtiralory  personnel; 
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FKi  4.  (A)  liliiiiuiiohlol  paiK'l  ol  ani.<eh.i  antigens  Healed  with 
only /(  If  mii/imiii.  rah>liil  imniuiK  scrtim  t  i  l.timi diliiluiii)  Mokeiil.n 
weighi  maikeis  (lanes  I  and  2)  aie  shown  on  ihe  Icfi  (iii  ihous.in>ls| 
lames  3.  .4  i  ifWs*rr»o/;/.  4.  .4  us/nemo.  5. //  u*rTi;i/( wsno .  f».  .N  ).*«(<  /!. 
7.  ,4  /iis5/4fa,eii.  K.  I  mciiv  ( 1$)  Ininiunol'lot  p.tnel  ol  .iiiiiie  li.i  aiiligens 
Healed  wilh  only  I  mum  rahhil  inmiuiie  viuiii  (I  l.iaai  JilulionI 
Moleeviji  weigin  mad.ers  (lanes  1  and  2i  aie  shown  on  Ihe  lell  (m 
ihftusands)  Ijnes  3,  .4  i  n/hefiuuii.  4.  .4  ti\tn»i\xi\.  It  irnrn/imnix, 
ft.  .V  /■m/ffi,  7.  A  fxi/t/'liiiKii.  H.  1  iiiuru 


howe\er.  a  proniineiii  b.inj  ol  approximale-b  Ih5  kl)a  was 
present  in  the  A  t  tiHH-n-,oni  antigen  lane  ol  one  individual  ( I  ig. 
5H)  1  his  hand  was  comp  irable  to  the  one  obserstd  in  two  ol 
the  serum  samples  from  the  Army  reeruil  group 

I  he  spetilieil)  ol  .lunian  antibodies  reactive  to .4  i  if//>«rf'o/ii 
antigen  was  assessed  by  abseiiplion  with  !i\ed  whole  cells.  A 
comparivin  of  absorlx'd  and  iinabsoilx-d  s*-ra  showed  that  Ihe 
A  <  H/N’rtji«ii-reaelive  antibody  was  renmved  by  Ihe  abstuption 
with  homologous  antigen  (data  not  shown)  Hanked  tnlani  sera 
fri'm  infants  less  than  ft  months  old  were  also  tested  by 
immunoblok'mg  against  the  panel  of  anioebie  antigens.  No 
esidenee  (>1  amiieba  reaelise  aiilibeHlies  was  present  in  any  ot 
Ihe  live  infant  serum  samples 

Immunonuoreseenee  testing  showed  that  huniaii  serum  re- 
aelne  to  A  mlhfriui/ii  antigen  sia  iniinuiioblolling  also  caused 
fenmalin-lixed  A  tullH-nMim  to  fluoiesee  under  UV  light. 
Negative  controls  made  with  human  serum  that  was  uureaelive 
to  4.  luliH’rixiHii  aiitigeii  did  niH  result  in  the  tUiorescence  of 
the  formalin-fixed  amoebae. 
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KIG  5.  (A)  Immunohloi  p»nvl  of  amot'hd  unliitcriM  treated  »ith  III 
ptKiled  icrum  umples  from  Ami)  reeniits  Mith  AKI)  (1. 2(1(1  tinul 
dilution).  Molecular  weight  marhetN  (lanes  1  and  2)  ate  shown  on  the 
kfl  (in  thousands)  lanies  3,  A  nilhfnumi.  4.  A  uMnmyus,  ?.  H 
ivrniifiimiii.  h.  A  fimlfn.  T.A  iHtty/iJiagii ,  S.  I  muni  (B)  Immunohlot 
panel  ol  amocha  antigens  treated  with  the  serum  of  a  lahorator) 
worhei  ( 1 :2(IU  dilution)  Molecular  weight  markers  (lanes  I  and  2)  are 
shown  e>n  the  lelt  (in  th^iusand.s)  fairies.  3,  A  fullvriMim,  4,  A 
aitnuiyxn,  3,  //  wmiijtmnn,  h.  A'  fimtun,  7,  A.  /titiy/Jiugu.  8,  I  *.  uiani. 


DI.SCi;S.SH>N 

Several  species  ol  Atunlhaniin-ba  and  one  species  of 
rta  are  capable  of  prorlucing  disease  in  humans  (12.  15)  The 
route  of  infeciiun,  Ihe  course  of  the  disease,  and  prevcniive 
mee.sures  have  been  dehned  for  certain  am'icbic  diseases  such 
as  amoebic  mcningociiccphaiitis  caut-e'd  by  Narakria  species 
and  keratitis  cau.scd  by  Acanthanux-ha  sjK-cics  (V.  12,  1.3).  Tbe 
factors  involved  in  the  sfiread  of  pathogenesis  of  olher  forms  of 
y4(n/tffui/sicich<r-ass<K'iated  human  illness  are  less  clear.  Al¬ 
though  Aiiimhamiiebtt  meningoencephalitis  has  been  most 
frequently  encountered  in  immuiKK'otr.promised  individuals, 
the  majority  of  the  population  undoubtedly  has  lieen  ex(x>scd 
to  these  amoebae  in  the  environment.  Lenic.nella  pneumophila 
can  use  Naegkria  and  Acaiiihamoeha  organisms  as  host  cells 
foi  intracellular  replication,  and  Rowbutham  (20.  21)  hypoth¬ 
esized  that  amoebae  could  also  serve  as  sectors  for  the  delivery 
of  Ijegionella  bacteria  to  hurnans. 

To  better  understand  the  environmental  transmission  of 
amoebae  to  humans  and  the  epidemiology  of  disease  involving 
free-living  amoebae,  various  serologic  methods  have  been  used 


to  assess  the  ptcseiicc  ol  amocba-rcaclivc  antibody  in  hiiinaiis 
The  serologic  niclliods  used  previously  h.ivc  included  ihc 
iiidircd  lluorcsccni-antibody  assa\.  coin|il''ntciu  lis.iiioii,  ag- 
ghiiuiiitioii,  indirect  bcmaggliiiiiiation.  and  Wcs'crn  blot  anal 
ysis  (.3,  7,  10,  14,  Ih).  Results  ol  lliosc  sliidics  suggest  tliat 
humans  have  natiirtilly  occurring  aniocb.i-rciiclivc  an'ib><dics 
represented  by  Igt;  and  Ig.'si.  At  the  pieseitl  time,  it  is  not 
kttovsn  if  these  antibodies  tire  a  relleetion  ol  cn\  iroiinienial 
exiiosure  to  ainoebie  antigen,  the  consequence  of  subelinieal 
infection,  or  the  result  ol  eross-reaeiing  atitiboJies  from  some 
other  sonri.'c. 

The  number  and  eharaclet  of  A'l/cg/cnn  epitopes  iileiitilied 
by  using  human  serum  h.ive  been  examined  by  Mareiano- 
Cabral  et  al.  (14)  b)  Western  lili'i  analysis.  Their  resuiis 
suggested  that  human  lg(i  reacts  primarily  with  inteinal  amoe¬ 
bic  antigens,  and  these  antigens  show  extensive  eross-reaetivity 
among  species.  Conveisely,  the  amoeba-agglutinating  activity 
of  normal  human  serum  is  a  tunclioi  v>f  IgM  reactivity  with 
surface  antigens.  These  antibodies  are  species  speeilie.  Anti¬ 
bodies  (rom  human  scrum  react  to  both  |iathogenie  and 
nonpatliogeme  AVji’g/inu  species,  and  individuals  appear  to 
have  been  exposed  to  diilereni  amoebic  anlig.ens  In  a  study  in 
Dubray  el  a!.  (7),  immunoblot  analysis  of  selected  human 
serum  against  .A',  fmykn  or  A'rtcg/cnu  /oiwikviw.v  antigen  deni 
onsiraled  lour  hands  of  reaelivity.  The  results  suggested  that 
human  antibodies  recognized  identical  antigenic  siles  in  IhuIi 
e>f  these  s|>eeies. 

Most  recently.  Moura  el  al.  (!(■)  eonipared  the  uiitigeiiie 
characteristics  of  1.3  AcanrlianuH'hu  strains  by  immunoblot 
analysis  by  using  homologous  and  helcri'logous  rabbit  immune 
scra.  Most  hands  were  observed  between  2(1  and  llh.5  kDa. 
and  the  staining  iniensiiv  was  often  so  great  Ihai  il  was  dinieull 

•Himw  iriSiiitu'kJS. 


cross-reaeied  extensively  among  the  1.3  strains,  ('eriuin  anti¬ 
gens  were  more  extensively  shared  within  each  of  Ihiee 
Aeunthiimoehu  morphologic  groupings  on  the  basis  of  immu¬ 
noblot  profiles.  Il  was  also  apparent  that  corluin  subgroups  of 
Aeunthanun-ba  were  more  closely  related  serologically. 

Results  from  the  present  study  demonstrate  the  complex 
protein  priitiles  as,siK-iated  with  the  free-living  amoebae  follow¬ 
ing  SDS-PAGli.  Il  is  apparent  that  the  majority  ol  these 
proteins  are  highly  immunogenic  in  laboratory  rabbits.  A 
notable  observatiori  is  the  relative  lack  of  eross-reaeiing  anti¬ 
bodies  among  the  selected  amoebae  by  ininiunohlotiing.  tven 
w.thiii  the  genus  .'ll  imrfiumocbo,  the  selected  type  species  from 
each  subgroup  were  serologieully  distinct  These  diflerences 
are  consistent  with  liie  division  of  Aaftlhamin'lHi  species  into 
distinct  subgroups,  in  part  on  the  basis  of  serology  .  A  promi¬ 
nent  feature  of  our  study  with  Ai anlhunuM'ha  species  was  the 
observation  of  disiinei  broadly  ininiunoreaetive  proteins  of  less 
I'lian  18.5  k!)a.  These  bands  were  observed  only  in  imniiinoh- 
lots  o*  the  ihrcc  Aeanil  amiH'hd  species  with  homologous  rabbit 
immune  serum  and  in  the  A.  eulheriy  li  antigen  lanes  ol 
approximately  ,3',(  (.3  ol  112)  of  the  immuiioblots  developed 
with  human  scrum.  Immunofluore.seence  testing  eonlirmed  the 
reactivity  ol  one  of  these  ihree  human  serum  samples  'ilie 
supply  of  the  other  two  serum  samples  was  exhausted  during 
imniiinoblolting  and  absorption  assays. 

No  distinelion  has  been  made  'vtween  the  two  reactive 
serum  samples  from  Army  recruits  and  normal  adult  serum 
taken  al  Indiana  University.  It  is  likely  that  additional  siiidies 
representing  other  groups  of  humans  will  he  needed  to  dcline 
the  range  of  naturally  iKCutring  anioeba-reaetive  antiboilies  in 
niimans.  Previously,  investigators  have  demonstrated  by  immu- 
noblotting  that  certain  individuals  have  naturally  iKcurring 
antibodies  that  react  with  protozoa  such  as  T.‘xopla\niu  fionilii 
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(IS).  The  Mniric  nl  llic  iinlijZAnii.  sliimiliiliim  \v;is  urikiunvn. 
Studies  luue  siijigestcd  antigenic  similai'lies  between  7. 
and  oilier  organisms  that  are  not  eon>ideied  to  be  pathogens 
end  tliat  rarely  ocein  in  hiinians  (IS).  ll.e  speeitieily  of 
ainoeba-ieaetive  antibodies  deleeted  with  our  assav  was  ei'n- 
tiriiied  by  absorption  studies  willi  d.  i  Ulhtil.uDii  antigen.  How¬ 
ever,  the  exact  events  associated  with  antigen  exposure  or 
antibody  induction  in  our  invesligitlion  cannot  be  deleniiined. 
Our  observations  support  the  concept  thiii  previous  exposure 
to  A.  culhcmcni  may  be  responsible  for  the  oeeurrciiee  of 
reactive  antibodies  in  this  small  group  of  individuals.  The 
ability  of  the  inimunoblot  to  delect  human  antibodies  that 
specilteally  react  with  A.  (  iillM  rtstini  epitopes  suggests  a  likeli¬ 
hood  of  detecting  patient  scroeonversions  to  this  amoeba  and 
other  serologically  distinct  species  i.ii  Acaulluinun-hu  as  well. 

Human  antibodies  reacti'-e  with  A',  fimlrn  antigen  were 
detected  in  pooled  serum  fiom  Army  recruits  In  one  blot,  a 
sharp  doublet  was  observed  at  4V..S  kDa  (data  not  shown). 
Other  aiitibodies  retietivc  with  A’,  fimicn  were  detected  by  the 
presence  of  three  ti>  four  bands  between  .12.5  and  KKi  kDa.  The 
appearance  of  these  hatids  did  not  difler  front  the  appearance 
of  similar  bands  of  the  same  molecular  size  in  the  lanes  of  the 
other  five  amoebic  antigens.  These  bands  were  not  as  promi¬ 
nent  or  deeply  staining  as  those  rejnirted  by  other  investig.itors 
who  used  immunoblotting  to  assess  the  reactivitv  of  human 
serum  with  A'  fov.ien  antigen  (''.  14)  This  could  be.  in  part,  a 
refleeiioii  itf  the  test  paranielers  such  as  antigen  concentraiiim. 
serum  eoneciiiration.  or  other  variables.  Othci  investigamrs 
used  a  1:5(1  human  serum  dilution,  whereas  a  1:2(KI  serum 
dilution  was  used  in  tiie  present  study.  In  our  studs,  we  did  not 
note  major  diSerenees  in  blot  results  when  the  seium  dilution 
was  reduced  from  l:2(Kl  to  l:.v(l.  Tfiis  lower  dilution  resulleci 
I'lainlv  in  ineri'ased  baefeioiind  slainimi  Our  tnvestueiiion 
also  represents  a  study  popt'.iution  dilterent  from  that  ot  stther 
invesligaiois.  and  as  suggested  previously,  differences  in  results 
with  the  Suegk'riu  antigen  used  in  immunohloiiing  may  repre¬ 
sent  geographical  variation  in  amoebic  anligeii  ex(Hisuie  (14). 

Tlic  similarity  between  //  icntiifonuii  and  r.  amru  in  the 
C\Hmias.sie  blue-slained  gel  was  pronounced.  These  two  genera 
are  closely  related  ntiirphologieally.  and  the  similarities  in 
protein  bunds  would  serve  to  underscore  this  similarity.  Addi¬ 
tional  gel  electrophoresis  of  these  Iwvi  strains  was  pi-rformed 
on  replicate  cultures  from  the  American  Type  Ciiliiire  t'ollec- 
liUR,  and  the  nearly  identical  C'cK)mas.sie  blue  staining  patterns 
were  again  apparent.  To  our  knowledge,  these  two  strains  of 
ami>cbac  have  not  previously  been  compared  by  SDS  f’Afib. 
The  results  of  this  initial  comparison  indicate  that  additional 
studies  are  needed  to  determine  the  signilicance  of  this 
similarity  and  if  this  is  a  ccinsivlenl  feature  of  other  strains  and 
species  in  these  two  genera.  These  results  denumstrale  that 
these  two  sjKcies  Irom  different  genera  are  remarkably  similar 
by  SDS-PAGH.  yet  they  can  he  distinguished  by  immunobloi- 
ting.  Hie  con.usleni  apyK-aranee  of  nearly  identical  bands 
between  14  and  21  kDa  in  only  the  Hannwnm-Uu  and  t'uhl- 
kampjia  antigen  lanes  also  meiils  additional  study,  'ihe  visu¬ 
alization  of  these  hands  in  the  uhsence  of  rabhii  immune  or 
human  scrum  suggests  that  the  electrophoresed  proteins  di¬ 
rectly  bind  some  compement  of  Ihe  alkaline  phosphelase- 
jmmunoglobulin  conjugate.  I'he  anility  of  certain  components 
of  miciiHirganisins  to  bind  immunoglobulins  in  a  nonimmuiie 
fa.vhion,  as  observed  '■  ith  protein  A,  has  been  well  established. 
This  has  not  been  observed  previon.sly  in  the  pathogenic 
free-living  ainocliae. 

This  report  dtveunie-nlcd  the  major  anihody-reaelivc  anti¬ 
gens  in  six  species  of  free-living  amoeba.  RcuciioriA  with  rabbit 
iiiimune  sera  demonstrated  that  each  amoeba  was  serologically 


clistinci.  mid  Iheie  was  liiilc  cioss  leading  mitihoiiv.  I  liis 
insight  has  impoitaiit  mijilie.ttioiis  lui  IiiIliil  allciii|ils  to 
diagiiv'.sc  liiiman  amoebic  inlcclioiis  sciol-agicallv.  App.irciillv. 
it  will  be  iieee:  ai\  to  use  .i  balleiv  ol  amoebie  antigens 
repiesciitiiig  the  seiologiealiv  clistnict  species  laul  genet. i  in 
I'ider  to  recognize  the  pi  esc  nee  of  ainoeb.i  le  active  .nilibiKiies. 
Tills  sliidj  provides  baseline  infonii.nioii  on  the  ptesence  ol 
antibodies  teadive  with  free-living  amoebae  in  liun.aii  seiuni 
and  suggests  the  feasibility  of  iisi-ig  minunioblolling  to  elded 
iscroconversions  in  individuals  inleelecl  with  the  italhogdiic 
fiee-liviiig  amoebae. 
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